In this crossover study in 12 healthy volunteers, coadministration of amprenavir (1,200 mg; single dose) with grapefruit juice slightly reduced the maximum concentration of drug in serum (C max ) compared to administration with water (7.11 versus 9.10 g/ml), slightly increased the time to C max (1.13 versus 0.75 h), and did not affect the area under the concentration-time curve from 0 to 12 h (AUC 0-12 ), the AUC 0-ؕ , or the concentration at 12 h. Therefore, grapefruit juice does not clinically significantly affect amprenavir pharmacokinetics.
The potent human immunodeficiency virus type 1 (HIV-1) protease inhibitor amprenavir is a substrate and inhibitor of cytochrome P450 3A4. Some components of grapefruit juice, including flavonoids, naringin, and 6Ј,7Ј-dihydroxybergamottin, could potentially reduce first-pass metabolism of amprenavir since they also inhibit enterocyte cytochrome P450 3A4 (1) . A previous study showed that coadministration of grapefruit juice with another HIV-1 protease inhibitor, saquinavir, increased bioavailability twofold (4) . The primary objective of this study was to investigate whether there was a drug interaction between amprenavir and grapefruit juice. The secondary objective was to evaluate the safety of amprenavir in combination with grapefruit juice.
(This study was previously presented at the 40th Interscience Conference on Antimicrobial Agents and Chemotherapy, On- This was a phase I, open-label, randomized, single-dose, two-period, crossover study. The study protocol was reviewed and approved by the Ethical Review Committee of PoitouCharentes and the study was done in accordance with the version of the Declaration of Helsinki applicable at the time. We estimated that using 12 volunteers would give 90% power to detect an increase of at least 25% in the area under the concentration-time curve (AUC) for amprenavir. The calculation was based on the intrasubject variability of the amprenavir AUC estimated at 17% in a previous study (5) . Therefore, we recruited 12 healthy adult volunteers (6 males and 6 females). Key inclusion criteria were weight between 55 and 95 kg, body mass index from 20 to 28 kg/m 2 , HIV seronegativity, and a negative pregnancy test for females. We collected 17 blood samples over 24 h for each treatment period and monitored volunteers for adverse events. Standard hematological and clinical chemistry assessments were done. The volunteers received a single dose of 1,200 mg of amprenavir in a soft gelatin capsule (Agenerase; Glaxo SmithKline, Marly-le-Roi, France) with 200 ml of water or grapefruit juice (Minute Maid; Coca Cola, Paris, France) on two occasions separated by a 3-day washout period. Amprenavir concentrations in plasma were determined using a validated high-performance liquid chromatography assay (2). The limit of quantification was 40 ng/ml.
Pharmacokinetic parameters of amprenavir were calculated using noncompartmental methods with WinNonlin Pro Software (version 1.5; Scientific Consulting Inc., Cary, N.C.). The maximum concentration (C max ), the time to C max (T max ), the concentration at 12 h (C 12 ), the last quantifiable concentration following dosing (C last ), and the time to C last (T last ) were taken from the raw data. The AUCs from 0 to 12 h (AUC 0-12 ) and from 0 h to T last (AUC last ) were calculated using the linear trapezoidal method. Individual estimates of the terminal elimination rate constant (lambda-z) for amprenavir were obtained by log-linear regression of the terminal portions of the plasma concentration-versus-time curves. The AUC from 0 h to infinity (AUC 0-ϱ ) was calculated as AUC last ϩ C last /lambda-z. Single-dose pharmacokinetics parameters except T max were log transformed prior to analysis using analysis of variance, including treatment, sequence of treatment, period, and subject within sequence effects. The effect of gender was initially included to test its significance. No significant gender effects were found, so it was removed from the final model. Estimates of treatment effect were based on the ratio of the geometric least-squares means and presented on the untransformed scale with the associated 90% confidence interval. The analysis of T max was based on nonparametric methods. Estimates of median differences between treatment with corresponding 90% confidence intervals were calculated based on the Koch method (3). All 12 volunteers completed the study. The mean age was 36.5 years (standard deviation, 10.2) and the mean weight was 63.8 kg (standard deviation, 8.3). The pharmacokinetic parameters after dosing are summarized in Table 1 . The addition of grapefruit juice resulted in a 22% decrease in the geometric least-squares mean C max and in an increase in the median T max (from 0.75 to 1.13 h). The median plasma concentration-time profiles for amprenavir taken with water and with grapefruit juice are presented in Fig. 1 . The curves of each combination are superimposable. There were no adverse events, no clinically significant hematologic changes, and no clinical chemistry abnormalities observed in the study.
In this study we found that the coadministration of grapefruit juice with a single 1,200-mg dose of amprenavir caused only a slight change in the absorption rate of amprenavir: C max was reduced and T max was increased when amprenavir was taken with grapefruit juice. However, AUC 0-12 , AUC 0-ϱ , and C 12 (which is equivalent to the minimum concentration in serum for the standard 1,200-mg dose of amprenavir) were unaffected. As these latter parameters are more closely correlated with the antiviral response (5), we do not believe that the effects of grapefruit juice on amprenavir pharmacokinetics are clinically significant. The results of this study indicate that gut metabolism of amprenavir is low. Moreover, Sadler et al.
showed that administration of a single dose of 600 mg of amprenavir taken with food by HIV-infected patients led to a 14% decrease in AUC 0-ϱ , a delay in T max (from 1 to 1.75 h), and a 33% decrease in C max (6) . Therefore, the change in amprenavir absorption parameters (C max and T max ) by grapefruit juice observed in our study may be comparable to a slight food effect.
In conclusion, we found that coadministration of a single dose of 1,200 mg of amprenavir with grapefruit juice led to small changes in some pharmacokinetic parameters (C max and T max ) but that these changes were not clinically significant. No adverse events were recorded in this study.
